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GC–MSAbstract A new isoﬂavone together with 5,7-dimethoxy-3,40-dihydroxy-30,8-di-C-prenylﬂavanonol
and 5,30-dihydroxy-6,7,40-trimethoxyﬂavone has been isolated from the arial parts of Phylanthus
niruri. Based on spectral methods, the structure of the new compound was elucidated as 6-
hydroxy-7,8,20,30,40-pentamethoxyisoﬂavone. The isolated isoﬂavone was quantiﬁed by gas chroma-
tography couple with mass spectroscopy (GC–MS) in selected ion monitoring (SIM) mode. Suitable
methods for quantiﬁcation and extraction have been developed. The quantifying limit of this
method was less than 5 ng/ml in 10 g (fresh weight) of sample. Recovery of isoﬂavone in spiked
samples exceeded 62–72% while R.S.D. ranged from 1.0% to 6.1%. The results showed signiﬁcant
variation in the amount of this marker in methanol extract of Phylanthus niruri from Kushtia, Ban-
gladesh and Java Island, Indonesia, even though the values were almost identical for most of the
cases. Isoﬂavone was detected in all the samples ranging from 0.12% to 0.29%.
ª 2015 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is
an open access article under the CCBY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Phylanthus niruri Linn. (Euphorbiaceae), a small plant which
grows mainly in tropical and subtropical regions in Central
and South American countries, India, and East Asia, is one
of the most important medicinal plants used by people in thesecountries for treatment of jaundice, asthma, hepatitis, urolithic
disease, fever, malaria, stomachache, and tuberculosis
(Unander et al., 1991). Extensive chemical examinations of this
plant have been carried out and several constituents were iso-
lated such as lignans, alkaloids, ﬂavonoids, tannins, phthalic
acid, gallic acid and terpenoids (Balawant et al., 1986; Joao
et al., 1998).
Many antioxidant compounds from plant sources have
been identiﬁed as free radical or active oxygen scavengers.
Recently, interest has increased considerably in ﬁnding natu-
rally occurring antioxidants for use in foods or medicinal
materials to replace synthetic antioxidants, which are being
restricted due to their side effects such as carcinogenicity
(Miller et al., 1995). Natural antioxidants can protect theparts of
2 M.A. Hossain, S.M. Mizanur Rahmanhuman body from free radicals and the progress of many
chronic diseases as well as retard lipid oxidative rancidity in
foods (Yildirim et al., 2001; Kehrer, 1989; Oktay et al., 2003;
Tanizawa et al., 1992; Aruoma, 1994).
Reactive oxygen species (ROS) including free radicals such
as superoxide anion radicals (O), hydroxyl radicals (OH),
singlet oxygen (1O2) is various forms of activated oxygen
and often generated by oxidation product of biological reac-
tions or exogenous factor (Halliwell et al., 1992; El-habit
et al., 1990; Ito et al., 1983).
ROS have aroused signiﬁcant interest among scientists in
the past decade. Their broad range of effects in biological
and medicinal systems has drawn on the attention of many
experimental works. ROS can cause lipid peroxidation in
foods, which leads to deterioration of the food (Pryor, 1991).
Intensive phytochemical examinations of this plant have
been carried out. Constituents such as alkaloids, ﬂavonoids,
lignans, tannins, phenols and terpenes have been identiﬁed.
However, the composition of the methanol extract, as used
for medicinal purposes, has not been adequately studied.
Although the speciﬁc compounds have not been precisely
deﬁned, some research results credit the therapeutic action
on urinary tract stones to the phenols (Calixto et al., 1998;
Ishmaru et al., 1992). Valid quality control methods need to
be developed in order to comply with regulatory requirements
if this plant is to be used by the pharmaceutical industry
(BRAZIL, Ministry of Health, Health Surveillance Agency,
2000; EMEA, European Agency for Evaluation of Medicinal
Products, 1999).
Several high performance liquid chromatographic (HPLC)
methods have been reported to quantify phenolic compounds
in complex biological matrices such as herbal raw materials,
extracts and food products (Escarpa and Gonzalez, 2000;
Keina¨nen and Julkunen-Titto, 1998; Wang and Helliwell,
2001). However, currently there is no method with adequate
resolution to quantify substances present in the extractives of
P. niruri. Therefore the aim of this work was to isolate and
structure elucidation of new isoﬂavone and to validate a
GC–MS method applied to the quality control of P. niruri
both as raw material and as a technological intermediate
product.
2. Experimental
2.1. General
IR spectra were recorded (KBr disks) on a FT-IR spectropho-
tometer, validation (mmax in cm
1). 1H NMR spectra were
recorded on a Bruker R-32 (300 MHz) instrument in CDCl3
and DMSO-d6 with TMS as an internal standard (chemical
shifts in d, ppm). UV spectra were recorded on HATACHI,
U-2000 spectrophotometer Ultrospeck in methanol (kmax in
nm). The entire chemical is analytical reagent grade. TLC
was performed using silica gel GF254. Anhydrous sodium sul-
fate (Merck, Germany) was cleaned by heating at 200 C
before use. Silica gel (60–120 mesh, Loba, India) was activated
at 400 C for 12 h. prior to use. Stock solutions of each analyte
(1000 lg/ml) were prepared in methanol. Mixtures of the ana-
lytes for working standard preparation and sample fortiﬁca-
tion were also prepared in methanol. All stock solutions and
mixtures were stored at 10 C in the dark.Please cite this article in press as: Hossain, M.A., Mizanur Rahman, S.M. Structure
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The arial parts of P. niruri were collected from the Kushtia dis-
trict and also collected from Jawa Island, Indonesia. Both the
plants were identiﬁed and voucher specimen (BD 32) was
deposited in the herbarium of the School of Biology, Univer-
sity Sains Malaysia. The plant was dried at 40 C for a week
in an air oven. The separated leaves and branches were
reduced in a knife mill.
2.3. Extraction and isolation
Dried arial parts of the plant (1 kg) were milled into powder
and then extracted with methanol (8 L) in a Soxhlet extractor
for 36 h. The extract was evaporated in a rotatory evaporator
and dried by vacuum pump. The methanolic extract (40 g) was
suspended on water and extracted successively with hexane,
chloroform, ethyl acetate, and butanol to yield hexane (3 g),
chloroform (11.2 g), ethyl acetate (6.8 g) and BuOH-soluble
(4.88 g) fractions, respectively. The chloroform soluble frac-
tion (5 g) was subjected to chromatography on silica gel (60–
120 mesh, Merck) and was eluted with ethyl acetate–hexane–
acetone (4:3:1) solvent system to give one major colorless
amorphous powder (7.8 mg) of compound 1 and two minor
compounds of 5,7-dimethoxy-3,40-dihydroxy-30,8-di-C-prenyl-
ﬂavanonol and 5,30-dihydroxy-6,7,40-trimethoxyﬂavone
(Hossain et al., 2009).
2.4. Compound (Fig. 1)
The puriﬁed compound was crystallized from hexane–metha-
nol to give colorless amorphous powder (7.8 mg), Rf 0.59 (hex-
ane–chloroform–acetone; 85:12:3); (M+, 387), UV (MeOH):
kmax = 255, 335 nm; IR mmax = 3415, 3250, 2910, 2840,
2343, 2131, 1645, 1550, 1470, 1365, 1100, 1050, 1020, 984,
928 cm1 ; 1H NMR: d 8.05 (s, 1H, H-2), 7.22 (s, 1H, H-5),
6.95 (s, 1H, H-60), 6.85 (s, 1H, H-50), 3.90 (s, 3H, 8-OCH3),
3.94 (s, 3H, 7-OCH3), 3.89 (s, 3H, 2
0-OCH3), 3.95 (s, 3H, 30-
OCH3), 3.97 (s, 3H, 4
0-OCH3), 12.75 (s, 1H, –OH).
13C
NMR: d 182.5 (C-4), 165.6 (C-7), 164.5 (C-5), 159.7 (C-8),
155.9 (C-2), 154.0 (C-20), 152.4 (C-40), 144.5 (C-50), 124.9
(C-3), 118.2 (C-60), 112.7 (C-10), 100.0 (C-6 and C-30), 95.7
(C-8), 57.8 (OCH3), 57.6 (OCH3), 57.4 (OCH3), 57.3
(OCH3), 57.1 (OCH3). Found C = 62.01, H = 4.90%;
C20H19O8 requires, C = 62.17, H = 4.78%.
2.5. GC–MS analysis
2.5.1. Preparation of samples from market for GC–MS analyses
The methanol, hexane, chloroform and ethyl acetate extract
(1 ml) were diluted with 5 ml of methanol and the samples
were ﬁltered through 0.45 lm membrane ﬁlters (Molsheim,
France) prior to GC–MS analysis.
2.5.2. Identiﬁcation and quantiﬁcation of marker in the samples
by GC–MS
The GC–MS analysis of the methanol, hexane, chloroform
and ethyl acetate extract of P. niruri was performed using a
Varian GC–MS (Model Varian CP 3800, USA) equipped with
a VF-5 fused silica capillary column (30 m · 0.25 i.d. mm lmcharacterization and quantiﬁcation of a new isoﬂavone from the arial parts of
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Figure 1 Structure of marker.
[1]
Figure 2 Chromatogram of reference compounds, isoﬂavone.
Structure characterization and quantiﬁcation of a new isoﬂavone 3thickness 0.25 lm, Varian, USA). For GC–MS detection, an
electron ionization system with ionization energy of 70 eV
was used. Helium gas was used as a carrier gas at a constant
ﬂow rate of 1 ml/min. Injector and mass transfer line temper-
ature were set at 250 and 300 C, respectively. The oven tem-
perature was programmed from 50 to 200 at 8 C/min, and
then held isothermal for 20 min and ﬁnally raised to 300 C
at 10 C/min. Diluted samples (1/100 v/v, in methanol) of
0.2 ll were manually injected in the split less mode. Identiﬁca-
tion of compounds of the crude extracts was based on GC
retention time on VF-5 capillary column, computer matching
of mass spectra with standards (Mainlab, Replib and Tutorial
data of GC–MS systems). The reference compound, isoﬂavone
was used as marker. The marker was accurately weighed and
dissolved in methanol to produce a series of concentrations.
Standard calibration curves were established by plotting the
peak areas against different concentrations of the reference
compound (varying from 5.0 to 1000 ng on column for isoﬂav-
one. The external standard method was used for quantiﬁcation
of the marker in the different types of crude extracts of P. nir-
uri samples from the district of Kushtia in Bangladesh.
The system suitability of the method was evaluated by the
intra- and inter-day precision and accuracy of replicates. The
accuracy was evaluated through recovery studies by adding
known amounts of the standard solution to the extract. Con-
trols from all samples were prepared and analyzed. The recov-
ery experiment was performed at three different standard
concentrations.
3. Results and discussion
3.1. Sample collection
The P. niruri samples were collected during early morning,
when the plants were fresh. After collection, the sample was
kept in a polyethylene bag with aluminum foil protected cover
and stored in refrigerator 4 C at to avoid any deterioration.
3.2. Extraction
The dried plant samples were pulverized into powder form.
The dried arial parts of P. niruri were extracted with methanol
in a Soxhlet extractor. The crude methanol extract was sus-
pended in water and extracted successively with hexane, chlo-
roform, ethyl acetate, and butanol. The layers were collected
and dried by NaSO4. It was then ﬁltered and the ﬁltrate was
evaporated near to dryness by modiﬁed Kuderna–Danish
evaporator for GC–MS analyses. The chloroform extract
was subjected to column chromatography on silica gel and
eluted with a hexane–acetone mixture. By repeated chromatog-
raphy and preparative TLC, two compounds were isolated
from one fraction of the chloroform extract. 6-Hydroxy-
7,8,20,30,40-pentamethoxyisoﬂavone (Fig. 1) was isolated from
this plant for the ﬁrst time. To our knowledge Fig. 1 has not
been reported previously from any plant source.
The compound (Fig. 1) was obtained as a yellowish pow-
der. It had the molecular ion peak at [M]+ m/z 387 and the ele-
mental analysis showed C 62.01%, H 4.90%, which
corresponds to the molecular formula C20H19O8. The UV
spectrum of Fig. 1 exhibited absorptions at 255 nm and 335
(sh) nm, indicative of its isoﬂavone nature (Markhman,Please cite this article in press as: Hossain, M.A., Mizanur Rahman, S.M. Structure
Phyllanthus niruri. Arabian Journal of Chemistry (2015), http://dx.doi.org/10.1016/j1992). The IR spectrum of compound (Fig. 1) showed the pres-
ence of a hydroxyl group at 3415 cm1, ketonic group at
1645 cm1 and other bands at 1550 and 1470 cm1, assignable
to an aromatic ring. This was supported by 1H NMR and 13C
NMR spectra, which showed resonances, characteristic of iso-
ﬂavone skeleton (Agarwal, 1998; Mabry et al., 1970) at d 8.05
for H-2 and at 155.9, 124.9 and 182.5 ppm, respectively for 2, 3
and 4 carbons. The 1H NMR spectrum of the compound Fig. 1
showed three proton singlets at d 7.22, 6.95 and 6.85 assigned
to H-5, H-60 and H-50 protons, respectively, conﬁrming that
Fig. 1 is a hexasubstituted isoﬂavone. Additionally, the 1H
NMR showed the resonance signals of ﬁve methoxy singlets
at d 3.97, 3.95, 3.94, 3.90 and 3.89. The fragments at m/z 167
and 220 formed after retro-Diel Alder cleavage, indicated that
Fig. 1 has two methoxy and hydroxy groups in ring A and
three methoxy groups in ring B. The presence of M-31 peak
(Campbell et al., 1969; Dewick et al., 1972) in Fig. 1 in high
abundance in the MS indicated 20-methxyl in Fig. 1. The six
protons at 3.89 and 3.90, indicated an aromatic methoxyl
groups, were assigned to the 7 and 8 positions and conﬁrmed
by the fact that there was no bathochromic shift in the UV
absorption maximum with NaOAc. Since compound Fig. 1
did not show bathochromic shift on treatment with AlCl3, it
was inferred that it contained free –OH at C-6 rather than at
C-5. The three methoxyls were assigned to C-20, C-30 and C-
40 carbons of B ring and conﬁrmed by the carbon resonances
at 154.0 (C-20), 100.0 (C-30) and 144.5 (C-50) ppm, which were
in consistent with such oxygenation pattern (Nkengfack et al.,
1989). The broad band decoupled 13C NMR spectrum showedcharacterization and quantiﬁcation of a new isoﬂavone from the arial parts of
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Table 1 Analytical characteristics of calibration curves for the marker isoﬂavone.
Standard Ret. time (min) Range (ng/ml) Regression equation Detection limit (ng) R2 Precision (%) (SDa) (n= 5, 10 ng/ll)
Inter-day Intra-day
Isoﬂavone 6.37 5–1000 0.1919x  0.1253 2.5 0.9978 0.71 0.31
a SD= Standard deviation.
Figure 3 Isoﬂavone; 1, Methanol extract; 2, Hexane extract; 3,
Ethyl acetate extract; 4, Chloroform extract.
Table 2 Recovery of isoﬂavone from spiked samples.
Recovery (%)
Analyte Isoﬂavone
Methanol extract 62a
Hexane extract 64
Ethyl acetate extract 71
Chloroform extract 73
Blank 70a
a The average spiked recovery.
Table 3 Percent concentrations of marker isoﬂavone in
different extract samples from Phyllanthus niruri.
Name of extracts Marker concentration
(% of total dry weight)
Isoﬂavone
Methanol extract 0.29 ± 0.08
Hexane extract 0.12 ± 0.07
Ethyl acetate extract 0.24 ± 0.09
Chloroform extract 0.25 ± 0.10
4 M.A. Hossain, S.M. Mizanur Rahman20 carbon signals. The analysis of this spectrum by the aid of
DEPT technique unequivocally indicated that Fig. 1 contains
ten quaternary carbons, which include one carbonyl carbon
(182.5 ppm), four CH carbons and ﬁve CH3 carbons. Based
on the above spectral data, the structure of Fig. 1 was estab-
lished as 6-hydroxy-7,8,20,30,40-pentamethoxyisoﬂavone.
3.3. Concentrations of the marker in extracts of P. niruri
samples
The GC–MS method applied is a modiﬁcation of that
reported by Stuart and Sakmann (1994) for the analysis ofPlease cite this article in press as: Hossain, M.A., Mizanur Rahman, S.M. Structure
Phyllanthus niruri. Arabian Journal of Chemistry (2015), http://dx.doi.org/10.1016/jisoﬂavone present in the crude extract samples. In the pres-
ent study, a programmed method was used for simultaneous
assay of the authentic markers for which chemical structures
are shown in Fig. 1. All standards were determined in a sin-
gle GC–MS run. The standards were resolved and eluted at
6.37 min. (Fig. 2). The marker (5, 50, 500, 750 and 1000 ng
on column for isoﬂavone) showed a good linearity in the
range from 5.0 to 1000 ng in the calibration curves that were
obtained by GC–MS analysis (Table 1). The reference mar-
ker was present in the chromatographic proﬁles of the sam-
ples from various extracts when the sample solution was
analyzed by GC–MS (Fig. 3). The peak of isoﬂavone was
conﬁrmed by comparison of their retention times with refer-
ence standard.
To assess the precision of these methods, standard solutions
of isoﬂavone were determined six times on the same day and
over a six-day period. The results showed a very good preci-
sion, ranging from 5 to 1000 lg/ml (Table 1). The accuracy
of the method was evaluated through recovery studies. The
recovery experiments were performed at three concentrations
(5, 50 and 100 ng) of the standard added to sample solutions,
in which the marker content had been determined, using a
sample from the district of Kushtia in Bangladesh.
The results for the recoveries of isoﬂavone were in the range
of 62–73% (Table 2). The limit of detection (LOD) of the GC–
MS method, established at signals three times that of the noise
for isoﬂavone was 2.5 ng, respectively. The method validation
was carried out via recovery study by using three replicate 10 g
subsamples spiked to yield the ﬁnal concentrations of 5, 50 and
100 ng/g for isoﬂavone. The precision of the method, as indi-
cated by the relative standard deviation (R.S.D) of the recov-
ery, was assessed using three independent pretreatment and
extractions of analytes from samples. Average recovery ranged
from 62% to 73% with good R.S.D. ranging from 1% to 10%,
indicating good recovery and repeatability of the method
(Table 2). Fig. 3 displays typical SIM chromatograms of iso-
ﬂavone detected in almost all the crude extract samples. The
peaks were identiﬁed and quantitated using retention times
with their characteristic ions of SIM and response factors,
respectively. Positively identiﬁed target compound in every
extract were analyzed three replicate.
The GC–MS procedure was applied to the determination of
the marker in the different crude extracts. As shown in Table 3,
all the analyzed samples showed a signiﬁcant range in the con-
centrations of the marker, in different crude extract samples
from the same place. The variation may be ascribed to envi-
ronmental conditions and variation in sample sourcing.
Concentrations of isoﬂavone ranged from 0.12% to 0.29%
(Table 3). However, the level of the marker concentration of
isoﬂavone was considerably higher in methanol (0.29%) fol-
lowed by chloroform (0.25%), ethyl acetate (0.24%) and hex-
ane extract (0.12%).characterization and quantiﬁcation of a new isoﬂavone from the arial parts of
.arabjc.2014.12.041
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The GC–MS chromatographic proﬁles of the extracts of P. nir-
uri collected from the district of Kushtia were qualitatively
almost similar but the results showed variations in the concen-
trations of the marker, isoﬂavone. The GC–MS ﬁnger-printing
could be used in authentication of extract samples and
formulations.
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